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CONVERSION  FACTORS,  U.S.  CUSTOMARY  TO  METRIC  (SI)  UNITS  OF  MEASUREMENT 


U.S.  customary  units  of  measurement  used  in  this  report  can  be  converted  to 
metric  (SI)  units  as  follows: 


Multiply 

by 

To  obtain 

inches 

25.  A 

millimeters 

2.54 

centimeters 

square  inches 

6.452 

square  centimeters 

cubic  inches 

16.39 

cubic  centimeters 

feet 

30.48 

centimeters 

0.3048 

meters 

square  feet 

0.0929 

square  meters 

cubic  feet 

0.0283 

cubic  meters 

yards 

0.9144 

meters 

square  yards 

0.836 

square  meters 

cubic  yards 

0.7646 

cubic  meters 

miles 

1.6093 

kilometers 

square  miles 

259.0 

hectares 

knots 

1.852 

kilometers  per  hour 

acres 

0.4047 

hectares 

foot-pounds 

1.3558 

newton  meters 

millibars 

1.0197  x  1 

q-3  kilograms  per  square  centimeter 

ounces 

28.35 

grams 

pounds 

453.6 

grams 

0.4536 

kilograms 

ton,  long 

1.0160 

metric  tons 

ton,  short 

0.9072 

metric  tons 

degrees  (angle) 

0.01745 

radians 

Fahrenheit  degrees 

5/9 

Celsius  degrees  or  Kelvins1 

lTo  obtain  Celsius 

(C) 

temperature 

readings  from  Fahrenheit  (F)  readings, 

use  formula:  C  =  (5/9) 

(F  -32). 

To  obtain  Kelvin 

(K) 

readings,  use 

formula:  K  =  (5/9)  (F  -32)  +  273.15. 
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HAND-HELD  CALCULATOR  ALGORITHMS  FOR  COASTAL 
ENGINEERING  (Second  Series) 


by 

Todd  L.  Walton,  Jr. 


I.  INTRODUCTION 

The  advent  of  the  hand-held  programable  calculator  has  led  to  the  develop¬ 
ment  of  numerous  programs  in  various  fields  of  engineering  and  science. 

Coastal  engineering  is  no  exception.  This  report  provides  algorithms  for  a 
number  of  calculator  programs  useful  in  performing  coastal  engineering  calcu¬ 
lations,  primarily  in  the  area  of  wave  transformations  and  wave  generation. 

There  are  basically  two  types  of  hand-held  programable  calculators:  those 
that  use  algebraic  logic,  such  as  Texas  Instruments,  Algebraic  Operating  System 
(AOS)  notation,  and  those  that  use  Reverse  Polish  Notation  (RPN) ,  such  as 
Hewlett-Packard.  The  six  programs  presented  herein  are  versions  of  RPN  logic 
suitable  for  use  on  HP41CV  programable  calculators  with  or  without  accessory 
printer.  Each  program  is  documented,  the  assumptions  are  briefly  described, 
and  references  to  more  detailed  presentations  of  the  theory  are  given.  This 
same  set  of  algorithms  was  programed  for  the  TI-59  (AOS  logic)  and  HP67  (RPN 
logic)  calculators  in  an  earlier  report  with  the  same  title  (Walton,  Birkemeier, 
and  Weggel,  1982) 

Each  of  the  RPN  programs  incorporates  HP41  compatible  print  routines  which 
print  and  label  all  input  and  output  parameters.  The  user  only  has  to  enter 
the  input  parameters  and  the  results  are  automatically  computed  and  printed. 
Since  the  printing  routines  increase  program  length  by  as  much  as  25  percent, 
use  of  a  magnetic  card  for  permanent  program  storage  is  recommended.  All 
print  steps  are  marked  with  asterisks  and  need  not  be  entered  if  printing  is 
not  desired. 

II.  PROGRAMS 

Six  programs  (100,  101,  102,  103,  104,  and  105)  are  presented  in  this 
report.  Program  100,  a  simple  program  that  computes  linear  wave  theory  wave¬ 
length  for  a  given  depth,  is  designed  to  be  used  as  the  basis  for  any  program 
that  requires  wavelength;  in  fact,  it  has  been  incorporated  into  programs  101, 
102,  and  105. 

Program  101  is  another  basic  program  which  computes  not  only  wavelength 
but  also  a  number  of  other  linear  wave  theory  parameters.  This  program  forms 
the  basis  for  program  102  and  can  be  adapted  to  other  programs  as  well. 

HJALTON,  T.L.,  BIRKEMEIER,  W.A.,  and  WEGGEL,  J.R.,  "Hand-Held  Calculator 
Algorithms  for  Coastal  Engineering,"  CETA  82-1,  U.S.  Army,  Corps  of  Engineers, 
Coastal  Engineering  Research  Center,  Fort  Belvoir,  Va.,  Jan.  1982. 
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Program  102  computes  linear  wave  parameters  and  breaking  wave  height  and 
direction  based  on  nearshore  or  deepwater  wave  information.  Program  103  can 
be  used  to  forecast  wave  height  and  period  in  shallow  water.  Program  104  and 
105  address  wave  conditions  at  structures — program  104  predicts  the  depth- 
limited  design  breaking  wave  height  at  a  structure;  105  uses  Fuchs'  equation 
to  predict  wave  transmission  over  a  thin  barrier. 


Each  program  allows  either  English  or  metric  input  and  output.  Program 
listings  are  annotated,  making  it  possible  to  follow  the  logic  of  the  algori¬ 
thm  and  to  make  modifications  if  desired. 


There  are  undoubtedly  many  calculator  programs  not  included  here  that  have 
been  developed  on  coastal  engineering  subjects.  Practicing  engineers  who  would 
like  to  disseminate  such  programs  (in  either  AOS  or  RPN)  to  other  users  are 
encouraged  to  submit  them  to  the  Coastal  Engineering  Research  Center  (CERC) . 

If  the  response  is  great  enough,  additional  reports  presenting  the  programs 
will  be  prepared.  Comments,  programs,  or  suggestions  for  programs  should  be 
sent  to : 


Commander  and  Director 

US  Army  Coastal  Engineering  Research  Center 
ATTN:  Evaluation  Branch 

Kingman  Building 
Fort  Belvoir,  VA  22060 


These  programs  and  future  programs  will  generally  correspond  to  the  following 
numbering  scheme: 


Miscellaneous 

0-99 

Wav°s  and  currents 

100-299 

Inlets 

300-499 

Beaches 

500-699 

Geology 

700-899 

Structures 

900-1099 

In  general,  the  documentation  of  programs  submitted  should  be  in  a  format 
paralleling  that  of  the  programs  presented  in  this  report.  A  blank  set  of 
forms  which  can  be  reproduced  is  included  in  the  Appendix. 


Program  Description 


Program  Till* 
Nama 

Address 

City 


100R-41CV  Linear  Wave  Theory  Wavelength  (RPN  Logic) 
T.L.  Walton,  Jr. 

Coastal  Engineering  Research  Center 

Kingman  Building  Stale  2 

Fort  Belvoir . _ Virginia _ 


1/82 

22060 


Program  Description,  Equations,  Variables,  etc. 

This  algorithm  takes  deepwater  wavelength  as  input  and  using  the  depth 
at  a  given  site  iterates  to  obtain  wavelength  by  linear  wave  theory. 
Algorithm  uses  English  or  metric  system  of  units. 


REFERENCE 


U.S.  ARMY,  CORPS  OF  ENGINEERS,  COASTAL  ENGINEERING  RESEARCH 
Shore  Protection  Manual ,  3d  ed.,  Vol.  I,  Eq.  (2-4),  Stock 
022-00113-1,  U.S.  Government  Printing  Office,  Washington, 


CENTER, 

No.  008- 
D.C.,  1977. 


Operating  Limits  and  Warnings 


100R-41CV-1 


User  Instructions 

100R-41CV  LINEAR  THEORY  WAVELENGTH  (RPN  LOGIC) 


INSTRUCTIONS 


size:  on 


LOAD  PRO&RAMi  (WAVEL') 


FUNCTION 

DISPLAY 

[>egQ  *wavel" 

EORIA? 

TO  CALCULATE  L  IN  ENGLISH 

PRESS 

GTO  "E  " 

PRESS 

PIS 

ENTER 

PERIOD  T,  PRESS  */S 

ENTER 

DEPTH  D,  PRESS  R|S 

[RIs] 


PERIOD ? 


DEPTH  ? 


TO  CALCULATE  L  IN  METRIC  UV/TS: 


GTO  “M" 


PRESS  */S  I  LRI S] 


ENTER  PERIOD  T  PRESS  *ls  T{S€C>  LR/S] 


ENTER  DEPTH  D,  PRESS  %  9  IRIS] 


PERIOD? 


L(rncPri) 


Example  I  Orel  la 


ENGLISH  AND  METRIC  PR/WTOUTlS 


Program  Listing 


STER  KEY  ENTRY  KEY  CODE 


STEP  KEY  ENTRY  KEY  CODE 


Program  Description 


Program  Title 

101R-41CV  Calculation  of  Wave 
(RPN  Logic) 

Parameters  from  Linear  Theory 

Name 

T.L.  Walton,  Jr. 

1/82 

Address 

Coastal  Engineering  Research 

Center 

City 

Kingman  Building 

Fort  Belvoir. 

Sla,e  ir  •  •  ■  Zip  Code  „A.A 

Virginia  22060 

Program  Description,  Equations,  Variables,  etc. 

This  program  calculates  the  product  of  the  wave  number  and  depth,  kd ,  the 
ratio  of  group  wave  speed  to  wave  celerity,  n  =  0.5  (l+2kd/sinh  2kd),  the 
group  wave  speed,  €g,  the  shoaling  coefficient,  Ks,  the  refraction  coeffi¬ 
cient,  Kr,  horizontal  orbital  velocity,  u,  and  vertical  orbital  velocity,  w 

Program  input  includes  wave  period,  T,  deepwater  wave  angle,  aQ ,  deepwater 
wave  height,  H0,  wave  phase  angle,  0,  depth  of  water,  d,  at  which  results 
are  desired,  and  depth  from  surface,  z,  at  which  velocities  are  calculated. 
This  program  assumes  straight  and  parallel  offshore  bottom  contours  for 
assumption  of  Snell's  law  of  refraction.  Algorithm  uses  English  or  metric 
system  of  units. 

REFERENCE 

U.S.  ARMY,  CORPS  OF  ENGINEERS,  COASTAL  ENGINEERING  RESEARCH  CENTER,  ST.ore 
Protection  Manual,  3d  ed.,  Vol.  I,  Ch.  2,  Stock  No.  008-022-00113-1, 

U.S.  Government  Printing  Office,  Washington,  D.C.,  1977. 


Operating  Limits  and  Warnings 

If  printer  is  not  used,  R/ S  must  be  inserted  where  output  values  are  desired 
(i.e.,  where  printer  output  steps  are  deleted). 
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User  Instructions 


101R-41CV  CALCULATION  OF  WAVE  PARAMETERS  FROM  LINEAR  THEORY  (RPN  LOCIO)  SIZE.-  02! 


STEP 


INSTRUCTIONS 


INPUT 


FUNCTION 


DISPLAY 


LOAD  PR06R AM  (  LINEAR) 


fraji]  "LINEAR' 


£  OR  M? 


TO  COWPl/TE  /N  ENGLISH  UNITS'. 


2_ 

_3_ 

£ 

& 


PRESS  6ro  "E" 


ETO  “  E ' 


PRESS  */S 


IR/Sl 


PERIOD? 


ENTER  PERIOD  T,  PRESS  Rl S 


TftfC) 


z>ea>7?/ 7 


ENTER  DEPTH  D.  PRESS  R/S 


d  (ft') 


cm 


NO1 


ENTER  WA  l/E  AAJ&l  g  , 


PRESS  K/S 


otcldrq) 


CPI  si 


HO7 


.2. 

8 


ENTER  WAVE  HEIGHT  B-0,  PRESSES  Haf-ft'  CR/sl 


2? 


g(VOTg  DEPTH  HELOiN  SURFACE .  2 


PRESS  R/S 


ML 


Phase? 


ENTER  YJNME  PHASE  AN/fr^E  <9. 


pkess  R/s. 


<9(cte4)- 


CVsl 


to 

// 

23. 

21 

iL 

A? 

/? 


Read  kd  fuavt.  number ’depth) 


K d 


Read  n  (ratio  grwpoMve  speed  to 


otl’ntij) 


n 


READ  Cg  (group  mart  spied.) 


Ci 


READ  Ks  (shoaling  cocfhccrrt) 


Rs 


Read  Kr  (refraction  CO£ff>CCnt) 


Jk. L 


READ  H  (uxivt  height) 


"(ft) 


READ  U  (horizon  ta,t  orbi  tal  VL'oatij) 


u  (f+Jsec. 


READ  k>  (vtrtkai  orbital  vtloc 


tyl_ 


U)(ft/s<rc 


nott  -  "*  TalphaI 


101R-41CV-2 


User  Instructions 


Program  Listing 


STEP  KEY  ENTRY  KEY  CODE 

COMMENTS 

STEP  KEY  ENTRY  KEY  COOE 

COMMENTS 

56  STO  15 

0ULBI  "LINEAR" 

57«L6l  -MIH- 

82  ‘E  OR  N  ■>• 

58  XE9  00 

03  PROMPT 

54  2 

04»LBL  £ 

05  32.2 

06  STO  14 

3{enyiisy>)-+R* 

62  XES  01 

41d/L  -*  *n 

#8?  -ENGLISH' 

63  UX 

#08  PRfl 

64  RCL  11 

00  GTO  03 

65  * 

10*L8L  -H- 

66  1 

*11  -METRIC 

67  ♦ 

#  12  PRO 

68  2 

13  0.81 

14  STO  14 

j(rtfrtc)  -* 

64  / 

4  70  -N=- 

n-*  R, 

15HBL  03 

#71  PRfl 

18  "PERIOD?" 

#72  PRX 

n-*Rn 

17  PRONPT 

73  STO  11 

*18  ’PERIOD*' 

74  RCL  04 

4  10  PPfl 

75  * 

♦  20  PRX 

74  PCL  82 

21  STO  02 

f-»  Rot 

77  J 

Ca-*  Rx 

22  -DEPTH?' 

4  78  -CG=- 

23  PROMPT 

4  70  PRfl 

♦  24  -DEPTH*- 

#  80  PRX 

4  25  PRfl 

81  1/X 

4  26  PRX 

82  RCL  02 

27  PI 

83  » 

28  ♦ 

84  RCL  14 

20  2 

35  « 

3P  . 

21td~*  Ro, 

36  4 

3!  STO  01 

87  / 

32  -00’- 

88  PI 

_  33  PPOMPT 

80  f 

*  34  -flO=" 

*  35  PRR 

*  36  PRX 

#41  -<S=- 
#42  PRfl 

37  SIN 

#43  PRX 

K$~*  R>i 

38  STO  00 

SOW,-* 

04  STO  11 

30  -HO’- 

05  RCL  00 

40  PRONPT 

%  RCL  01 

♦  4]  -H0=* 

47  * 

4  42  PRfl 

08  RCL  03 

*43  PRX 

49  / 

]^dsineit 

44  STO  08 

Ho~*  Rot 

100  PCL  09 

sinoC 

«5  -Z’- 

101  / 

46  PPOHPT 

102  Xt2 

♦  4?  -7s- 

103  1 

4  48  PRfl 

104  - 

f  44  PRX 

*■»  *;t 

105  CHS 

u>s*<* 

50  STO  12 

106  1/X 

51  -PHASE’- 

107  1 

52  PROMPT 

188  ENTERt 

*53  -phase** 

IBP  RCL  #0 

#54  PRfl 

110  XT2 

«5J  PRX 

til  - 

^eoeiEre  thvsb  l/nes  ip  a  t >ri^ter.  is  bJar  AVfvu.A^e.ioiR-4icv-4 
Also  SE6  ’OPEKAT/N&  L/NllTS  AND  WMtNiN&S  '  on  PACjE  IOiR-IIOT-  I. 


15 


112  * 

113  SORT 

114  SORT 

115  STO  18 
¥■116  -HR*- 
#117  PRO 
1*118  PRX 

119  RCL  98 
128  RCL  19 
12!  * 

122  RCL  11 

123  * 

*124 

if  125  m 
•r  128  PRX 

127  RCL  14 

128  * 

128  PCL  82 
138  * 

121  2 

132  •• 

133  RCL  84 

134  / 

135  RCL  98 
138  ' 

137  STO  88 

138  PCL  9! 

1 39  2 
148  / 

14!  P! 

142 

143  RCL  12 

144  ♦ 

145  2 

148  » 

147  PI 

148  * 

149  PCL  84 
1^0  / 

15!  STO  85 

152  X£9  82 

153  PCL  98 

154  » 

155  PCL  15 
158  COS 
157  * 

If  158  •»" 
#159  RPR 
#•189  RPY 

181  PCL  85 

182  XE9  91 

183  PCL  89 
16*  * 

j$5  PCL  !5 
166  ?IN 
16?  » 


Kr-* 

Kr** 


JLSIJ _ —v-1 

A  L  CO Sh(z!js) 


2i rfi+d) 


U-**x 


#  188  -H*- 
IP  169  PRR 
*178  PRX 
171  RTX 
172*LBL  98 

173  RCL  82 

174  Xt2 

175  RCL  14 
178  » 

177  2 

178  ' 

179  PI 
188  / 

181  STO  83 
182*LBL  ‘HERAT- 

183  STO  11 

184  ]/X 

185  PCL  81 
188  * 

187  STO  13 

188  XEO  82 

189  STO  88 
199  PCL  13 

191  XE8  8! 

192  STO  85 

193  PCL  88 

194  / 

195  PCL  83 
198  * 

197  PCL  11 

198  ♦ 

199  2 
298  / 

281  STO  84 

282  PCL  11 

283  - 

284  ABS 

285  1 
288  X1Y"’ 

287  GTO  25 

288  RCL  84 

289  GTO  -HERAT- 
218*L8L  25 

211  RCL  8! 

212  RCL  84 

213  / 

214  STO  89 
*  215  -*■»=• 

If  216  PRA 
#217  PRX 

218  PTR 
219‘LBL  91 
228  STO  97 

221  EtX 

222  RCL  87 

223  CHJ 


'Yd' Subr outfit 

lines  nz-zi8 


U-+Ro3 

Lfid 


2nd  -» 

l-old  _ 

co*y,  (  R, —*  ro4» 

S»'nhfPl5>-»Roff 


L1  Roq 


iKd-^Ro! 

(«d-»^x 

Subroutine-  . 
S<nh(  )  lints 
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Program  Listing 


«TW  KEY  ENTRY  KEY  COOS  COMMENTS  STEP  KEY  ENTRY  KEY  CODE  COMMENTS 


*DEl£T¥  THtte  UNes  if  a  P H\NT£H  /S  NOT  AUfll LF$L£.  101R-41CV-6 

ALSO  see  'OPeRATiMCj.  LIMITS  AMP  vJARNiN&S'  ON  PA6f-  lOlIMJOM. 
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Program  Description 


102R-41CV-1 
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SOLUTION  SHEET  FOR  PROGRAM  102R-41CV 


Development  of  the  equation: 

From  conservations  of  energy 


JLg-  Cg  cos  a  =  —  Cg±  cos  of 

where  the  subscript  i  indicates  incident  wave  parameters. 

If  left-hand  side  of  above  equation  represents  conditions  at  breaking  then 


Cg  =  C  =  Cb 

=  /gdb  = 

4Hb/K 

(2) 

where 

K 

Hb 
~  db 

(3) 

Now  assume 

K  =  1.16 

(vilJ7T0) 

)  .22 

(4) 

where  Kq  is  unrefracted  deepwater  wave  height. 

Using  (1),  (2),  (3),  and  (4)  it  can  be  found 

Hb  “((f)  ^  Hi2  Cgi  cos  ai)  ^  (5) 

From  Snell's  law  of  refraction 

sin  at  sin  a± 

Cb  Ci 

therefore, 

si„  ab  .  ub)1/2} 


(6) 


(7) 


102R-41CV-2 
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User  Instructions 

102R-41CV  LINEAR  APPROXIMATION  TO  BREAKING 
WAVE  HEIGHT  AND  BREAKING  WAVE  ANGLE  CRPN  LOGIC) 


INSTRUCTIONS 


SIZES  02 1 


OtSPLAV 


LOAD  PRO&RAH  (ANGLE  B) 


To  CALCULATE  /a/  ENGLISH  U 

PRESS 

6-TD  "e" 

PRESS 

*1 S 

ENTER 

slope  m,  press  R/s 

ENTER 

DEPTH  V,  PRESS  *ls 

ENTER 

ANGLE  cC  ,  PRESS  PIS 

ENTER 

WAVE  HEI6HT,  H.  PRESS 

ENTER 

WAVE  PERIOD  T,  PRESSP/S 

read 

Kd 

PRESS 

Pis  ,  PEAU  n 

PRESS 

PIS, 

Read 

*5 

PRESS 

PIS, 

read 

Ho'*  H.Kr 

PRESS  */s,  RE At>  M 


IS  |  PRESS  RIS.  READ  ab 


TO  CALCULATE  *b.<*b  IN  METRIC  \UNlT5: 


FOLLOW  THE  SAME  INSTRUCTIONS  AS  ABOVE  EXCEPT. 


6T0  "M"  AT  STEP 


IrApUT  t>  and  H  /W  METE/? 


"Is,™, 


LiWiMk1, 


nolt  ■  "  -  Calpha] 


User  Instructions 


EN6  USH  "PRINTOUT- 


KBTR, 


Program  Listing 


STEP  KEY  ENTRY  KEY  COOE 


COMMENTS 


STEP  KEY  ENTRY  KEY  COOE 


COMMENTS 


81*LBL  -ANGLES- 
02  -E  OP  n  •>• 
83  PROMPT 
04*L8L  E 
85  32.3 
88  510  14 
*8?  -ENGLISH- 

*  88  »R8 

88  GTO  8! 

18*LBL 

*11  "METRIC" 

*  12  PRO 

13  8.31 

14  ?T0  14 
15*L8L  81 


*16 

•$L9PE=* 

*17 

PRO 

18 

•SLOPE'" 

19 

PROMPT 

*28 

PRX 

21 

STO  15 

*22 

-DEPTH=- 

*23 

PRO 

24 

-DEPTH0” 

25 

PROMP7 

*26 

PRX 

27 

STO  01 

28 

PI 

29 

* 

30 

2 

31 

* 

32 

970  12 

*33 

-ohgle=- 

*34 

pop 

35 

-OHGLE’- 

36 

PROMPT 

*37 

m 

38 

STO  88 

*39 

-H=- 

*40 

PRO 

4! 

•tr- 

42 

PP9MPT 

*43 

PRX 

44 

STO  08 

*45 

-REPI0t=' 

*46 

PPfi 

47 

•PEPior1 

48 

pporpT 

*49 

m 

58 

STO  82 

5! 

n: 

52 

RCL  '4 

53 

* 

54 

c 

55 

/ 

56 

cr 

jfengl&i)  ■* 


gfrtetri'c.)-*  R« 


rn  -*  Rty 


d  •*  Roi 


ZlTd  -*  Rn 


H-*  Re, 


T-*  R 


«. 


57  / 

58  STO  83 
59*L8L  -ITEROT- 
68  STO  11 

81  1/X 

82  RCL  12 
63  * 

84  STO  13 
65  XE8  82 
68  STO  86 
67  RCL  13 
88  XE8  83 
6?  STO  85 
78  RCL  86 

71  / 

72  RCL  83 

73  * 

74  RCL  11 

75  ♦ 

76  2 

77  / 

78  STO  84 

79  RCL  11 
38  - 

8!  PBS 
32  1 
S3  X>r> 

84  GTO  13 

85  RCL  84 

86  GTO  -ITEROT- 
87H.8L  13 

88  RCL  12 

89  RCL  84 
98  / 

91  STO  09 
*92  -KB*' 

*93  PRO 
*94  PRX 

95  STOP 

96  2 

97  » 

98  STO  II 

99  XEO  83 
108  1/X 

181  RCL  11 

182  * 

183  1 

104  ‘ 

185  2 

186  / 

187  STO  81 
*188  -H-- 
*189  PRO 
*118  PRX 

111  STOR 

112  PCI  04 


La~*  ^03 

Leld  *« 


21Td 

Ud 

cosh  Ros 

Strth  (Rij)-*R>? 


-*  display 


2kd  Rn 


71**  Roi 

display 


T|C  DELETE  THESE  snEP5  IF  A  PRINTER  IS  MOT  AVAILABLE.  l02R-4icv-s 


t 


\ 
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Program  Listing 


STEP  KEY  ENTRY  KEY  CODE  COMMENTS  STEP  KEY  ENTRY  KEY  CODE _ COMMENTS 


113  » 

*169  -HB=' 

Ub  in  display 

114  RCL  92 

*179  PRfi 

115  / 

Ca  -P  Roi 

J  display 

*171  PRX 

116  STO  94 

172  STOP 

*117  -CG=- 
*  1 19  PRO 

173  RCL  96 

174  t/X 

*119  PRX 

175  » 

129  STOP 

176  SORT 

12!  ;/x 

177  RCL  88 

122  PCL  92 

178  S!H 

123  * 

179  » 

124  PCI  14 

188  RCL  84 

125  * 

131  / 

126  4 

182  PCL  81 

127  -• 

183  * 

!2P  PI 

184  OSIN 

s(b  in  display 

12$  / 

*19 

5  -SB=- 

139  SORT 

Ki~*  Rii 

*  196  PRO 

131  STO  11 

*187  PRX 

*132  -7S=- 

-*  display 

188  STOP 

*133  PRO 

189  PTH 

Sihh  (  )  subroutine 

*134  PRX 

199*LBl  83 

135  STOP 

191  STO  87 

136  PCI  99 

192  E*X 

137  PCL  11 

138  ' 

Ho  in  display 

193  RCL  07 

194  CHS 

*139  “H0KR=" 

195  EfX 

*149  opq 

196  - 

*14!  PPX 

197  2 

142  STOP 

198  •' 

-143  PCL  03 

:u  / 

199  RTH 

299*LBL  02 

coshi  )  sobroirhnt 

145  SORT 

291  STO  07 

146  PCL  15 

292  ETX 

147  / 

293  RCL  07 

148  1/X 

204  CHS 

149  .22 

295  E»X 

150  YtX 

206  ♦ 

151  1.16 

207  2 

152  « 

208  / 

153  PCL  14 

289  .END. 

154  / 

155  STO  06 

157  XT2 

169  RCL  99 

1 61  ■  * 

16’  Y«x 

168  * 

— 

•y  PELETE  THESE  STEPS  IP  A  PUNTER.  is  NOT  A VfHU*6LE. 


\ 

l 
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Program  Description 


Program  Titl* 
Nama 

Address 

City 


103R-41C  Shallow-Water  Wave  Forecasting  Equations 
T.L.  Walton,  Jr. 

Coastal  Engineering  Research  Center 
Kingman  Building 

Fort  Belvoir, _ Virginia _ 


Program  Description,  Equations,  Variables,  etc. 


(RPN  Logic) 
Oat*  1/82 

ZipCO,1#  22060 


This  algorithm  computes  the  wave  height,  H,  wave  period,  T,  and  minimum  dura¬ 
tion,  t,  from  input  values  of  the  water  depth,  d,  fetch  length,  F,  and 
adjusted  windspeed,  U^,  using  equations  (1),  (2),  and  (3)  of  CETN-I-6.  Equa¬ 
tions  (1)  and  (2)  are  for  constant  water  depth  and  unlimited  wind  duration 
and  have  been  revised  from  equations  (3-25)  and  (3-26)  of  the  Shore  Protec¬ 
tion  Manual.  Wave  height  and  period  in  this  algorithm  are  significant  wave 
height  and  period.  Algorithm  uses  English  or  metric  system  of  units. 


REFERENCES 

U.S.  ARMY,  CORPS  OF  ENGINEERS,  COASTAL  ENGINEERING  RESEARCH  CENTER,  Shore 
Protection  Manual ,  3d  ed.,  Vols.  I,  II,  and  III,  Stock  No.  008-022-00113-1, 
U.S.  Government  Printing  Office,  Washington,  D.C.,  1977,  1,262  pp. 

U.S.  ARMY,  CORPS  OF  ENGINEERS,  COASTAL  ENGINEERING  RESEARCH  CENTER,  "Method 
for  Determining  Adjusted  Windspeed,  Ua,  for  Wave  Forecasting,"  CETN-I-5, 
Fort  Belvoir,  Va . ,  1981. 

U.S.  ARMY,  CORPS  OF  ENGINEERS,  COASTAL  ENGINEERING  RESEARCH  CENTER,  "Revised 
Method  for  Wave  Forecasting  in  Shallow  Water,"  CETN-I-6,  Fort  Belvoir, 

Va.,  1981. 

U.S.  ARMY,  CORPS  OF  ENGINEERS,  COASTAL  ENGINEERING  RESEARCH  CENTER,  "Revised 
Method  for  Wave  Forecasting  in  Deep  Water,"  CF.TN-I-7 ,  Fort  Belvoir,  Va., 
1981. 


Operating  Limits  and  Warnings 

If  a  printer  is  not  used,  R/S  must  be  inserted  where  output  values  are 
desired  (i.e.,  where  printer  output  steps  are  deleted). 

i 

l 

'  '  103R-41CV-1 
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User  Instructions 


103R-41CV  SHALLOW  WATER  WAV;  PORECASTING  EQUATIONS  (RPN 


STEP 

INSTRUCTIONS  INPUT 

FUNCTIOI 

1 

LOAD  PRO&RK «  (F^CAST) 

ItedlFOCA'. 

TO  CALCULATE  IN  ENGLISH  UNITS- 

2 

PRESS  6T0"B" 

GTO  "E" 

3 

PRESS  Ns. 

D?/s] 

A 

ENTER  Ua  ,  PRESS  NS 

Ut,(rr\ph) 

C*/sl 

5 

ENTER  FETCH  F ,  PRESS  Ns 

F(miJrs) 

E3Sfl 

d 

enter  depth  d,  press  Ns 

dm 

CK/S 1 

n 

Read  h  (uiavi  height) 

6 

READ  T  (tuavt  period) 

read  time  in  hours .  (minimum 

H 

n) 

TO  CALCULATE  JN  nBTR Id  UNIT 

2<x 

PRESS  GTO  "n" 

HI 

■9a.  SAME  AS  STEPS  3'1  A&OVE  E 

input  Ua  ( kilometres/ hr)  and 

F  (Kilometers')  and 

1 

— 

OUTPUT  H  (Meiers') 

non  -  [alpha] 

25 


LOQIC 

SIZE:  02 1 

DISPLAY 

ST 

EOR  M  ? 

mmm 

FETCH  7 

DEPTH  7 

H  ( ft) 

mmm 

t( hours) 

103R-41CV-2 

X03R-41CV-2 


User  Instructions 


SIZE: 

STEP 

INSTRUCTIONS 

INPUT 

FUNCTION 

DISPLAY 

EXAMPLES  /  and  t<X 

1  ENGLISH  UNITS,  USING- 

U*z^0nif>h  ,  F- 300  mU(S 

d*  20ft. 

/a ./Metric  units  ,  using 

Vr=  M-SIG  kmlhr,  F*183l2krr\ 

d  ‘  6>.  Inn 

PRINTOUTS 

ENGLISH  UNITS'  METR 

(C  UNIT, 

>  : 

ENGLISH  H£T 

m 

8<.‘I89 

Ms 

483. 1290 
H= 

8.1999 

1.380? 

5.8932 

3.23021 

JQ"  lips 

t*« 

m 

706.0600  **♦ 

>»* 

20. 0906  *** 

W=  Hx 

♦M 

m  *t* 

.  T!"5=  ,  TIKE 

sec«* 

3.r253hrs/>- 

103R-41CV-3 
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Program  Listing 


STEP  KEY  ENTRY  KEY  CODE 


STEP  KEY  ENTRY  KEY  CODE 


6l*LEL  -F0C0ST- 

- 1 - i - 

57  RCL  85 

*2  mt  0?  « 

58  » 

9%^  “*  K> 

03  PROMPT 

59  STO  81 

84.LBL  E 

88  RCL  68 

05  32.2 

06  STO  09 

yienglisy*)-*  Ron 

81  .75 

62  YtX 

08  :T0  0? 

Bnqtish  Conversion 

63  .53 

6<  * 

*9  5289 
!6  STO  9! 

*11  -ENGLISH' 

_v  Ro-7 

enali sM  Conversion 
“  -pKoi 

85  XE0  83 

66  ?T0  84 

87  RCL  81 

■tonh[S3(^jk)  J 

*12  PRO 

68  SORT 

13  CTO  91 

69  .88565 

14.LBL  -5- 

76  » 

*15  -HETPIC- 

7!  RCL  84 

%\f>  m 
l?  9.81 

18  $Kj  09 

1°  .2??? 

3  Metric) R0q 

72  / 

73  XE0  83 

74  RCL  84 

75  * 

20  >TQ  07 

metric  conversion 

76  .283 

21  1000 

^O’l 

77  * 

22  STO  81 

r\etnc  Conversion 

78  RCL  88 

'  23*L6L  81 

-*  Roi 

79  / 

24 

1C  80  -Hr- 

25  PROHPT 

*81  PRO 

*  26  *00=- 

*  82  PPX 

*  27  PM 

83  PCI  88 

^  28  ppv 

14**  *o  s 

•?4  .275 

2?  ST0  83 

35  YtX 

30 

86  .833 

31  PPOHP' 

87  * 

«nh[d  833(^iJ 

*32  "FETCH*" 

*33  »P0 

88  XE8  83 

39  STO  84 

*34  PPZ 

F  -*  Ro5 

98  PCL  81 

35  STO  85 

91  .333 

36  -DEPTHS- 

92  YTX 

37  PPi)HPT 

93  .8379 

*38  "DEPTH=’ 

94  * 

*39  PPO 

95  RCL  64 

-«n 

*48  PRX 

4!  STO  88 

42  PCI  S3 

%  t 

97  XE8  83 

98  RCL  64 

43  PCI  07 

?9  * 

44  * 

45  STO  67 

converted  Ufi-+R<n 

168  7,54 

181  * 

46  PCI.  0? 

182  RCL  88 

47  RCL  87 

183  ' 

48  Xf2 

184  RCL  87 

40  / 

-*  Km 

105  / 

58  STO  89 

*186  -t*- 

51  PEL  88 

*187  RRfl 

52  ♦ 

9%* 2  ~^Ko 

*188  PPX 

5?  $T0  00 

54  PCL  0? 

109  PCL  09 

110  * 

55  PCI  ?! 

111  RCL  87 

58  * 

112  • 

*VBLETE  if  rtlNTB*  /S,  NOT  Av&iLAQLg  ,  ^ 

ALSO  SEE  'opera-hoy  bruits  and  Warnings  on  p  w 


103R-41CV-6 
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103R-41CV-S 

lie  delete  if  priwtbf  ti  not  fivfinneLe.' 

Also  Sbb  'Operat)^  Limits  Qy>a  YJami/tgs  on  p./t>3R-4)CV-i. 
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Program  Description 


Program  Till* 
Nam* 

Address 

City 


104R-41CV  Depth-Limited  Design  Breaking  Wave  Height  at  Structure 
(RPN  Logic) 

T.L.  Walton,  Jr.  Data  1/82 

Coastal  Engineering  Research  Center 

_ Virginia  22060 


Program  Description,  Equations,  Variables,  etc. 

This  algorithm  computes  the  depth-limited  breaking  wave  height  at  a  struc¬ 
ture  for  design  purposes.  It  can  be  used  in  lieu  of  Figure  7-4  of  the  Shore 
Protection  Manual.  The  equation  for  the  curves  in  Figure  7-4  is  not  given 
in  the  SPM  but  can  be  found  by  simultaneous  solution  of  SPM  equations  (2-91) 
(2-92),  (2-93),  (7-3),  and  (7-4).  Input  is  wave  period,  T,  and  water  depth 
at  the  structure  toe,  ds.  The  development  of  the  equation  is  derived  on  the 
attached  solution  sheet.  Algorithm  uses  English  or  metric  system  of  units. 


REFERENCE 


U.S.  ARMY,  CORPS  OF  ENGINEERS,  COASTAL  ENGINEERING  RESEARCH  CENTER,  Shore 
Protection  Manual ,  3d  ed.,  Vols.  I  and  II,  Chs,  2  and  7,  Stock  No.  008- 
022-00113-1,  U.S.  Government  Printing  Office,  Washington,  D.C.,  1977. 


Operating  Limits  and  Warnings 


104R-41CV-1 
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SOLUTION  SHEET  FOR  PROGRAM  104R-41CV 


The  following  equations  are  given  in  the  Shore  Protection  Manual: 


£b  _  1 _ 

Hb  b  -  (aHb/gT2) 

a  =  43.75(1  -  e~19m) 

b  .  1-56  . 

(1  +  e-19-5®) 

Xp  =  TpHb  =  (4.0  -  9.25  m)Hb 


(2-91) 

(2-92) 

(2-93) 

(7-3) 

(7-4) 


Equation  (7-4)  can  be  rewritten  in  dimensionless  form  as: 

A  d  A 

Hb  =  7= - - — : - - 

J_(b  -  aHb)-1  -  TirtpJ 

where 

Hb  =  Hb/gT2  and  ds  =  ds/gT2 

The^above  equation  can  then  be  solved  via  the  quadratic  formula  for  Hb  in  terms 
of  ds,  Tp,  m,  a,  and  b  where  the  positive  root  provides  useful  results. 

Hb  =  |(tnTpb  -  ads  -  1)  +  £(mTpb-ads-l) 2  +  4amTp  bdj  ^2J.(2amTp) 

This  is  the  equation  used  in  the  program  for  design  breaking  wave  height. 


104R-41CV-2 
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User  Instructions 

10'4R-41CV  DEPTH -LIMITED  DESIGN  BREAKING 
WAVE  HEIGHT  AT  STRUCTURE  (RPN  LOGIC) 


INSTRUCTIONS 


SIZE:  021 


/  LOAD  ?ROOR  AP\  Thb) 


TO  CALCULATE  Hfe  IN  ENCrUSH  UNITS 

PRESS 

&T0  " E  " 

PRESS 

PIS 

ENTER 

SLOPE  m,  PRESS  Rls 

ENTER 

DEPTH  d,  press  *ls 

ENTER 

PERIOD  T.  PRESS  R/S 

READ 

H b  IN  FEET 

TO  CALCULATE  Hb  IN  n£TR)C  UN  I 


PRESS  6T0  "M" 


ENTER  SLOPE  m.  PRESS  *ls 


ENTER.  DEPTH  D,  PRESS  *!s 


enter,  period  t,  press  *1  s 


READ  Hb  iu  N\BTERS 


l  /  Qnd  la. 


rr) *  o  io  ,  d*  toft  (3.05m),  T-  iqscc 


ENGLISH  PRINT 


Program  Listing 


STEP  KEY  ENTRY  KEY  COOE 


STEP  KEY  ENTRY  KEY  COOE 


COMMENTS 


8l*L8L  "MB" 

82  •£  OB  8  1 

83  PR0NPT 
84*L8L  £ 

85  32. 2 

86  STO  8? 

*  87  "EMGUSH" 
41  88  826 

89  CTO  81 
18*L8L  "«" 

*  11  "HETRIC" 
«  12  PRfl 

13  9.81 

14  STO  88 
15*181  8! 

*16  "SLOPE*" 
*17  PRO 

18  "SLOPE"" 

19  °R0HPT 
ME  28  RRY 

31  STO  88 

*  22  "DEPTH*" 

*  23  PRO 

>4  -DEPTH’" 
25  PROHPT 

*  26  PRX 

27  STO  87 

*  28  "PERIOD*" 

*  2«  PRO 

38  "PERIOD1" 
3!  PPQRPT 

*  32  PRX 

33  STO  M 

7*  w *: 

35  RCL  88 

36  * 

37  1'X 

38  RCL  87 

39  • 

48  STO  81 

41  RCL  M 

42  19 

43  * 

*4  CHS 

45  E*X 

46  CHS 

47  1 
*8  ♦ 

49  43.75 
58  * 

51  STO  83 

52  RCL  88 

53  ;9.5 

54  • 

55  CHS 

56  E’< 


gfenylish)  -*  Rce 


L(HKtric)  -*  Rofl 


I ^oo 


dj-*  P.<n 


r-» 


Rot 

JT 


03 


57  1 

58  * 

59  1.56 

se  / 

61  1/X 

62  STO  84 

63  RCL  88 

64  ENTERS 

65  9.25 

66  * 

67  4 

68  - 
69  CHS 

78  RCL  88 

71  « 

72  STO  85 

73  PCI  84 

74  • 

75  1 

76  - 

77  RCL  81 

78  RCL  83 

79  • 

88  - 

31  STO  86 
82  Xt2 
93  4 

84  RCL  83 

85  * 

86  RCL  84 

87  « 

88  RCL  85 

89  * 

98  PCL  81 

91  * 

92  * 

93  SORT 

94  RCL  86 

95  ♦ 

96  2 

97  / 

98  RCL  03 

99  / 

188  RCL  85 
181  / 

182  RCL  81 

183  / 

184  RCL  07 

185  * 

*186  "H6*" 
*187  PRO 
*188  PRX 

189  STOP 
118  .END. 


mjp  *m(4-  9-  2S>r} 


'os- 


7 

rr>Jpb  ~0.^s~  * 


Bb  m  display 


4  these  steps  nv st  be  pelted  ip  no  printer  is  available 
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Program  Description 


Program  Tula 
Nam* 

Address 

City 


105R-41CV  Wave  Transmission 
T.L.  Walton,  Jr. 

Coastal  Engineering  Research  Center 
Kingman  Building 
Fort  Belvoir, _ 


Fuchs'  Equation  (RPN  Logic) 

Data  1/82 


Stale 


Virginia 


Zip  Coda 


22060 


Program  Description,  Equations,  Variables,  ate. 


This  algorithm  computes  wavelength,  L,  in  water  depth,  d,  given  the  wave 
period,  T.  The  program  then  computes  wave  transmission  over  a  thin  verti 
cal  barrier  in  water  depth,  d,  using  Fuchs'  equation: 


Ht 

«i 


1  - 


Arrh 

L 


+  sinh 


4tth 

L 


4ird 

L 


+  sinh 


4ird 

L 


where  Kt  is  the  transmitted  wave  height,  the  incident  wave  height,  and 
h  the  height  of  barrier.  Note  that  this  equation  cannot  be  used  when  wave 
transmission  is  by  overtopping  of  a  structure.  Algorithm  uses  English  or 
metric  system  of  units. 


REFERENCE 

U.S.  ARMY,  CORPS  OF  ENGINEERS,  COASTAL  ENGINEERING  RESEARCH  CENTER,  Shore 
Protection  Manual,  3d  ad.,  Vol.  II,  Ch.  7,  Stock  No.  008-022-00113-1, 
U.S.  Government  Printing  Office,  Washington,  D.C.,  1977,  p.  7-62. 


Oparating  Limits  and  Warnings 
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User  Instructions 


105R-41CV  WAVE  TRANSMISSION  -  FUCHS'  EQUATION  (RPN  logic)  SIZE:  OZ\ 
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Program  Listing 


STEP  KEY  ENTRY  KEY  COOE 

COMMENTS 

step  Key  entry  key  code 

COMMENTS  i 

57  Etx 

i 

ttHBL 

58  PCI  84 

t  82  *E  OP  H  *>• 

50  CHS 

03  PROHPT 

60  EtX 

04*LBL  E 

6!  ♦ 

05  '2.: 

06  STO  06 
*07  'ENGLISH- 

62  / 

63  RCL  81 

64  » 

♦  08  PRO 

65  RCL  83 

i  00  GTO  0! 

66  ♦ 

ie*L6L  -0' 

67  2 

#11  -KETPIC- 

68  / 

L  — »  Rsi  1 

*  12  PRO 

60  STO  02 

13  0.81 

14  STO  06 

70  RCL  03 

1 

1 

15*LBL  01 

72  OBS 

I 

16  *tEPW' 

73  1 

17  PROHPT 

74  x>r> 

I 

#18  'DEPTHS- 

75  CTO  13 

t  1«  PRO 

76  RCL  02 

%  20  PRX 

77  GTO  -1TER8T- 

{ 

21  2 

78*LBL  13 

22  » 

70  RCL  02 

j 

V>  PI 

#80  *ts* 

| 

2*  » 

21Ki-+  J?oo 

#81  PRO 

25  STO  00 

*82  PRX 

1 

26  *S!l  HTV 

33  l/X 

1 

27  PR0HPT 

64  PCL  68 

■*28  -SlL  HT»* 

35  * 

#20  PRO 

86  2 

J 

*  30  PRX 

R«e 

37  . 

31  STO  08 

38  STO  06 

lnd/L  -*  R*  ! 

32  'PERIOr- 

80  XE8  03 

33  PR01PT 

00  RCL  06 

i 

#34  'PEPI0C=' 

#35  PRO 

01  * 

02  STO  07 

R^tSlhh(O^Rx, 

#36  PRX 

93  4 

37  XU 

04  EHTERt 

38  PCI  06 

05  PI 

! 

30  » 

06  * 

40  2 

07  PCL  08 

i 

41  / 

08  » 

42  “>1 

00  PCL  02 

! 

43  / 

L„-+  Rw 

100  ' 

44  STO  01 

101  STO  00 

45«LBL  MTEPOT- 

102  XEt  03 

~T 

46  STO  03 

103  PCL  00 

47  l/X 

104  ♦ 

48  PCI  00 

105  PCL  87 

i 

40  « 

50  STO  8* 

5!  etx 

Ti*  . 

106  * 

107  CHS 

108  1 

t 

52  PCI  84 

100  ♦ 

H</«i=  <t  in  display  1 

53  CHS 

1 10  SORT 

54  Etx 

*111  -XT=- 

55  - 

#112  PRO 

j 

%  PCI 

#113  PPX 

1 

# "THESE  LlNBS  HUS T  BE  P ELETED  IP  A  PRlNTFt  Is  HOT  AyA lLfl-gl£. 


i 

i 
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APPENDIX 

BLANK  PROGRAM  FORMS 


S7 


Program  Description 


Program  Title 

Name  Date 

Address 

City  State  Zip  Code 


Program  Description,  Equations,  Variables,  etc. 


Operating  Limits  and  Warnings 
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Program  Listing 

STEP  KEY  ENTRY  KEY  CODE  COMMENTS  STEP  KEY  ENTRY  KEY  COOE  COMMENTS 


CO 


STEP  KEY  ENTRY  KEY  COOE 


COMMENTS 


STEP  KEY  ENTRY  KEY  COOE 


COMMENTS 


4J  C  CM 
b  b  -4  03  I 

o  o  u  o»  I 

»m  bu  oi  — *  i 

I  43  i 

CD  I  C  •  7 

rsss ' 

u 

o  e  -4  a  ’ 

00  O  CO  O  * 

— <  *-»  O  b  < 


3  -o  ^  -H 

u  t  9i  a 

;  -j  o  i>  > 

I  «  f-  c  « 


S  C  CD  >> 

w.  fl  o 
oo  3-co 
o  >,  u.  a 
qob 

CXt<  O  91  T3 
b  b  4) 
fc-  5  ar  a 
OB  0  3 

*4  -b  X  -M 


U  »  CD  c 

— 4  CD  ♦  b  «J  , 

<0  C  C  O  b 

o  o  o  m 


c  «  <o  o  3  ■ 

-4  u  o  b 

oaw-coo- 
«  u  c  ®  o 

X  — 4  4/  O  b 

§«  oo  a . 

O  73 


O  43  73  C 

«  e  a 

C  «0  X  * 

CD  -H  r-v 

JOO  ®  >  2 

ccOo- 

u  U  O  -  a 

•*4  -b  Mt  w 

b  H  CJ  1 

o  ct  a  x  c 

00  *j  B  o 

■H  «  b  JG  «H 
(9  «  O  u  u 

O  ^  •H  D 

CD  O  00  5  M 

4)  C  O 

■3  M  «  II  * 

■h  e  b  at 

>  ft  u  3  £ 

•OS  CO 

i  U  b  41  b  -H 

3  Q.  0  >  O  -H 

\  cm  CO  <M  O 

•  m  u  3  0- 

b  41  73 

<  O  a.  CM  4)  4> 

1  a.  O  73  CD  - 

>  41  C  3b, 


5  35-3  SS2 

S  X  <M 

h  V  II  gi  OJ 
B  X  b  X 
3  V  «  *j 


fl  C  h  ^ 
•»-  I 
b  CM 
CD  V  •  00 
«  4)  V 
a  c  -i  • 
W  M  O 

C  60-4  c 

o  c  H 


1-0  0  3- 
:  C  £  «  00 

)  «  *J  l.  /> 

r(  U  D 

-  -  u  • 
:  m  o  ai 

>  x  oc  > 


5  =3  s 

.X  b 
)  «  •  43  © 

43  —  C  CM 
b  « o 
X  60  H 


4_»  C  CM  -H 

b  b  -H  00  u 

O  O  b  9>  43 

>M  U.  Q)  — <  ft) 

I  4)  C 
CD  I  C  -  -H 

J*  -C  W  M 
U  60  '  C 

55  "’SS  » 


3  73  l-  *4  B 

U  73  01  B  U  4 

•  -M  O  4)  >  i 

J  fl  fn  C  B  S  •  4 

O  -H  CM  4)  . 

3  >>  M“  —4 

J  T3  D  C  ••  *j 

3  •— 4  t3  .  M 


:  73  cd  “  —  ai 
>  C  03  CD  73  > 

*  ct  -M  a.  <r  Q 

4  X  b  b  43—0 


o  >>i4  au 

b  -•  60  B 

a  -m  o  41  73 


U  -  CD  C 
—4  CO  •  b  <0  - 

<0  C  C  O  u 

O  O  O  m 


O  «  «0  3  <0 

--4  U  U  b  * 

U  3  ai  —  60  •• 

41  O  C  CD  O  c 

O  rC  (|  u  W  ( 

§3  60  a.  - 

O  73  C 

c  a>  — 4  m  : 

_  60  >  43  « 

«CB-C4J^- 
->  S  1  -C  c 

b  b  73  f-  4. 

O  41  73  C  - 

cm  43  C  (0  £ 

C  CO  £  *9 

CD  -H  O  c 

JbC  »  >  2 
C  C  O  Q. 

*->  43  O  —  w  Cl 

■*—  -m  <r  w  v 

^  H  4J  fi-  4 

O  CO  to  X  C  * 

eo  *j  a  o  a 

—  ®  C*  £  —  I 

(0  B  O  4J  o  < 

O  cw  -  B  t 

(D  U  CD  3  4-1  0 

4*  C  O  C 

73  60  «  41  * 

■H  C  b  CD 

>  -H  *J  3  X  ; 

>06  CD  <c 

I  U  b  4)  b  -H  3 

>0.0  >  O 

V  CM  c0  CM  o  k 
•  w  b  »  o-  a 

^  J  73  4 

•  0  O.  cm  43  41  C 

I  O.  O  73  CD  h- 

>  43  C  3U- 

I  14  ^  «  -4  4) 

t  43  O  >  0 

'  »  H  U  -  «  4, 

I  -M  3  03  .H  c2  ; 

:  J=  CM  C 

H  43  43  43  43  { 

CD  £  U  SI  C 

3  U  B  4i  l 


>n  u  a  M 

-c  60  B 

-  -H  O  03  73 


>  C  -4  -4  «  CD 

•>■4  9  cO  3  41 

I  Ji  X  O  -*4 


3  7)  »-  -4  6 

<j  -o  «  «  <y 

•  -4  5  43  >  I 

-3  B  H  C  B  N  .4 

Cl  -4  CM  «| 

73  >>  6t  •• 

1  2  5  .  -  £ 

►*  43  --  <0  •  4J  . 

x  ■*.  >  a. 

•  i  —  0  b 

C  73  •  .  —  4, 

O  C  13  CD  *a  —  > 

“ 3 r 
3  S<S£ 


CO  •  (-4  <0  . 

c  c  o  o 

O  O  4J 

•M  -M  05  CD 

4J  43  H  fl 

«  «  3  3  • 

— 4  b  O  U 

3  4IH  «■ 

u  e  <0  o 

-  9)  U  >4 

<o  60  a , 


60  >  41  CD 
I  C  «  X  43  , 
■H  »  I  X 
'  U  73  F 

41  73  C 
41  C  CO 
C  B£  • 


I  B  O  43  4J 
O  *44  -H  B 
I  U  M  3  43 

'  S  5 

1  £2  S  2 

1  —4  *-<  3  -C 

>  B  CD 

.  b  «  b  -w  . 

L  O  >  O  -4 

,  r.  s  -  £ 

;  S.-  -g  * 


4*  43  4)  43 
CD  X  b  X 
3  4J  ct  *j 


i  c  «  >. 
1^60 
o  3  --  o 

•  >>  u  a  4j 
I  *-c  60  8 

>•  -H  O  41  73 
U  b  43 
i  CO  Q.  x  CD 
>  Q  o3 


-  CO  C 

CO  •  h  B  . 

C  C  O  O 

OOb 


«  <0  3  &  ■> 

—*  U  O  b  4 

3  41  H  60 

O  C  <0  O  C 

H  41  U  b  ( 

*  60  Q.  ^ 


4J  C  CM  i 

b  b  -b  00  1 

O  O  b  9>  ( 

cm  Uu  43  —  ( 

1  41  I 

CO  I  C  “ 

J‘  -  W  I 
94  MM  I 

4-»  c->  C  H  C 

■m  c3  z 


3  -O  b  -^4 

43  73  43  <0 

•  — —  O  41  > 

J  CQ  H  c  CO  l 

U  -M  4 

73  >,  60  •• 

. 

H  4IM  CO 
X  CM  > 

•  I  O 

C  73  ® 

o  c  91  at  - 

kl  »  -  fiu  f— 4  - 

-4  X  b  b  0)  * 

«0  43  Q  -4 

X  CD  O  cm 


H  4J  4 

ce  a  X  c  ■ 

D  4J  g  O 
CD  b  X  -4 
9  0  4J4-3 
O  Cm  >H  (0 
u  co  y  4-1 

c  5 

be  B  4)  Z 

C  b  S 
•H  U  3  X 


'  -H  B  -  4) 

41  U  > 

I  b  C  43  . 

I  3  Btc* 

:  144 

•  43  43  41  v 

*  X  b  X 

3  43  B  U 


